Summary &horbar; Changes in plasma testosterone (T), thyroxine (T 4 ), triiodothyronine (T 3 ), semen output and remex moult were studied in domestic ganders. A bimodal pattern in both plasma T and sperm concentration was observed during the annual cycle. Ganders started to produce semen at the end of January; maximum semen volume (0.32 ± 0.04 ml) and sperm concentration (148 ± 38 x 10 3 /mm 3 ) were reached in March and a marked decrease was observed after mid-April, when the moult of the remiges began. Plasma T 3 levels peaked in February (9.7 ± 0.6 nmol·I-! ) and this peak coincided with maximum T concentrations (9.8-10.4 nmoi'i!). ). Elevated levels of T 4 were found from late February until mid-April (31.0-33.6 nmol·I-!). Plasma T concentration was low at all stages of remex moult and regrowth. Decreased T 4 levels were found in ganders during remex regrowth from the &dquo;brush&dquo; to half of the full primary growth stage. Higher plasma T 4 levels were found before and after this stage of the moult. A reverse pattern was observed for T 3 concentrations.
INTRODUCTION
The domestic goose shows the seasonal pattern of reproductive activity which its wild ancestor, the Graylag goose (Anser anser) evolved in adapting to seasonal changes of environmental conditions. This reproductive strategy is convenient in the traditional extensive breeding conditions characterized by natural incubation of eggs and parental care. However, the introduction of large-scale goose production requires the artificial incubation of eggs and a substantial increase of reproductive performance, particularly an extension of the reproductive period in the annual cycle. Endocrine mechanisms control the development of reproductive capacity, and their study seems to be important in improving the reproductive performance in this species of waterfowl.
In many avian species of mid and high latitudes, day length is the major environmental trigger in the initiation and synchronization of annual reproductive cycles. Increasing day length in the spring induces acceleration of gonadotropin secretion, and this precedes and stimulates vernal increase in the gonadal activity of birds (Farner and Gwinner, 1980; Farner and Wingfield, 1980) . Reproductive activity is terminated by the development of long-day refractoriness which results in an inhibition of gonadotropin-releasing hormone synthesis and gonadal regression under long photoperiod (Nicholls et al, 1988) . The mechanisms involved in the development of long day refractoriness are still unclear but the role of interactions between seasonally elevated sex hormones and thyroid hormones, and between gonadotropins and prolactin have been suggested (Assenmacher and Jallageas, 1980; Follett and Nicholls, 1984; Nicholls et al, 1988; Dawson, 1989 (Kosutzky et al, 1982; Lazar, 1983; Peczely et al, 1985; Zeman et al, 1987) and most data about the endocrine control of reproduction in waterfowl come from studies on ducks (Jallageas and Assenmacher, 1974; Paulke and Haase, 1978 (Zeman et al, 1986) . Standards in all 3 methods were made up in gander's plasma from which endogenous steroids and thyroid hormones were removed (Abraham, 1977) . At the end of the reproductive season the moult and the replacement of primary remiges were recorded according to Herremans (1986) . A 10-step scale was used for the determination of the stages of remex moult in which 0 = old (1 week before a drop), 1 = dropped, 2 = pin, 3 = brush, and 4-10 = tenths of the full-grown length. Under this system, each bird was individually examined at 2-3-d intervals and a moult score of 1-10 was given for the 1st, 5th and 10th primaries. The (fig 2) . Thereafter, concentrations decreased (P < 0.05) and minimal levels were found in mid-May. The increase in plasma T was followed by a rise in plasma T 3 levels (fig 2) with maximum values at the beginning of February. Plasma (Ko&scaron; utzký et al, 1982 , 1984 and with those of Peczely et al (1985) . These findings suggest the existence of an inherent biphasic testicular cycle profile in ganders, as already found in extensive studies of hormonal changes during the sexual cycle in drakes (Jallageas and Assenmacher, 1974; Balthazart and Hendrick, 1976; Paulke and Haase, 1978 (Gwinner and Ganshirt, 1982; Sharp et al, 1986b) . Owing to less frequent blood sampling it is impossible to determine whether the T peak in experiment II occurred before or after the beginning of the day length increase. Nevertheless, it was not found exactly at the same time of year as in experiment I. We suppose that sexual development is initiated after termination of photorefractoriness. Applied photoperiod and other environmental conditions together with the age of the birds, their previous life history and nutrition determine the rate of subsequent sexual development as well as the onset and duration of the reproductive period.
Therefore, a variation in these factors may account for differences in the exact timing of the reproductive cycle in different years.
On the other hand, a modification of environmental conditions and nutrition may be a way of controlling the temporal pattern of the annual reproductive cycle in goose farming.
The second peak in plasma T is accompanied by the second, autumnal, reproductive period in the annual reproductive cycle of ganders and the second egg-laying period in geese (Grom, 1971; Lazar, 1983);  this is not observed in wild birds. The annual profile of testosterone differs partly from that found under a natural photoperiod (Kosutzky et al, 1982; Péczely et al, 1985) by its peak amplitude and duration of high plasma T levels. One of the reasons for a relatively short duration of high peak levels could be the fact that the ganders were kept without females. High T levels in males during the egg-laying stage are stimulated by sexual behavior of females in some species of passerines (Moore, 1982; Wingfield et al, 1989) and also in ganders (Rosinski, 1989; personal communication Amann, 1983 for a review) and probably also in birds (Sharp et al, 1977) in spite of low T levels in peripheral circulation.
Plasma T 3 and T 4 levels in ganders (2.7-9.7 nmol/I and 22.1-36.4 nmol/I resp) were similar to those reported for other species of Anseriformes (Jallageas et al, 1978; John and George, 1978; Campbell and Leatherland, 1980) and for immature domestic geese (Lazar et al, 1981) . The role of the thyroid gland in the development of long day refractoriness (Dawson, 1984; Nicholls et al, 1984) and in the periodic replacement of plumage in birds (see Payne, 1972, for (Payne, 1972 (Dittami and Hall, 1983) and in laying hens (Herremans et al, 1988; 1989 (Payne, 1972) (1988, 1989) . The lowest T 4 levels were found in ganders during the regrowth of primaries (stages 3-7), when plasma T 3 levels were increased. On the other hand, high plasma T 4 levels and low T 3 concentrations were found before the moult and again during the final stages of primary replacement (stages 8-10 ). This inverse relationship clearly suggests that the rate of peripheral conversion of T 4 to T 3 may be important for feather growth.
